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TEMPERATURE SENSOR 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

This application is a continuation of application Ser. No. 
11/241,846, ?led Sep. 30, 2005, Which is a continuation-in 
part of application Ser. No. 10/801,313, ?led Mar. 16, 2004. 
The entire contents of US. patent application Ser. No. 
11/241,846 and US. patent application Ser. No. 10/801,313 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present description relates generally to temperature 
sensing devices such as thermostats, etc. More speci?cally, 
the present description relates to mounting devices for sen 
sors in temperature sensing devices. 

Climate control systems, such as heating, ventilating, and 
air conditioning (HVAC) systems, typically include one or 
more thermostats to monitor, for example, an ambient air 
temperature Within a particular room or space Within a build 

ing to provide feedback as to Whether the air temperature of 
the room needs to be adjusted to satisfy a predetermined set 
point. The thermostat is typically con?gured such that a tem 
perature sensor is housed Within an enclosure to sense the 

temperature of the air pas sing over, through, or in contact With 
the enclosure. The climate control system may then compare 
this air temperature to the predetermined set point to deter 
mine if the air temperature of the room needs to be adjusted to 
satisfy the predetermined setpoint. Typically, the temperature 
sensor is interconnected With a processor circuit to accom 

plish this function. The temperature sensor can be either 
indirectly coupled or directly secured to the processor circuit 
Which includes a plurality of interconnecting members (or 
conductive Wires). The processor circuit is coupled to the 
housing and is enclosed therein. 

For convenience, the thermostat may be mounted to a Wall 
or other structure Within a space or room. HoWever, When the 
thermostat is mounted to the surface of an outside Wall or 
another location Where the Wall surface is signi?cantly 
Warmer or colder than the air temperature of the space or 
room, there may be substantial differences betWeen the air 
temperature measured by the thermostat and the actual ambi 
ent air temperature of the space or room. Further, air ?oW 
through the thermostat may be minimal due to a loW pro?le 
enclosure designed such that the thermostat is minimally 
noticeable and does not project undesirably from the Wall or 
other mounting location. Under these conditions, the climate 
control system may perform ine?iciently because the tem 
perature measured by the thermostat may not be the ambient 
air temperature of the room, but rather a temperature some 
Where betWeen the air temperature of the room and the Wall 
surface temperature. Previous attempts to solve this problem 
include af?xing the sensor against a surface of the tempera 
ture sensing device housing opposite the mounting structure 
With an adhesive. This surface is generally planar or ?at. In 
this arrangement extension of the sensor into the room or 

space is, hoWever, limited by the dimensions of the housing 
WhIChiIII order to provide a loW pro?le appearanceitypi 
cally affords minimal area. Thus there is need for a device for 
mounting a sensor Within a temperature sensing device so that 
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2 
the temperature sensing device may compensate for mount 
ing surface temperature effects. 

SUMMARY OF THE INVENTION 

According to a ?rst exemplary embodiment, a temperature 
sensing device is provided having a housing and a ?rst tem 
perature sensor mounted to the housing at a ?rst location 
proximate a ?rst surface of the housing. The ?rst temperature 
sensor is con?gured to sense a ?rst temperature. A second 
temperature sensor is also provided Which is con?gured to 
sense a second temperature. Further included With the present 
temperature sensing device is a processor circuit coupled to 
the ?rst and second temperature sensors and a mounting 
device coupled to at least one of the housing or the processor 
circuit Which is con?gured to mount the second temperature 
sensor at a second location proximate a second surface of the 
housing and spaced apart from the ?rst surface. The processor 
circuit is con?gured to estimate a third temperature based on 
the ?rst and second temperatures and a distance betWeen the 
?rst and second locations. The third temperature is an esti 
mate of a temperature at a third location and the distance 
betWeen the ?rst and third location is greater than the distance 
betWeen the ?rst and second locations. 

According to another exemplary embodiment, a tempera 
ture sensing device With housing de?ning a protrusion is 
provided. Also included are a temperature sensor mounted 
With respect to the housing and con?gured to sense a tem 
perature and a processor circuit Which is coupled to the ?rst 
temperature sensor. Further provided is a mounting device 
coupled to at least one of the housing and the processor circuit 
Which is con?gured to mount the temperature sensor at a 
second location proximate the protrusion of the housing. The 
mounting device has a semi-annular con?guration. 

According to another exemplary embodiment, a processor 
circuit for a temperature sensing device having a plurality of 
sensors is provided. The processor circuit is con?gured in a 
manner to selectively interconnect the plurality of sensors. A 
mounting device Which protrudes outWard a ?rst distance 
from the processor circuit is also included. At least one of the 
sensors in the plurality of sensors is coupled to the mounting 
device and spring biased With respect to the processor circuit 
by the mounting device. The mounting device is con?gured to 
interconnect at least tWo of the sensors in the plurality of 
sensors With the processor circuit. 
According to another exemplary embodiment a tempera 

ture sensing device With housing de?ning a protrusion is 
provided. The sensor mounting device coupled to the proces 
sor circuit is con?gured to project one or more sensors into the 
protrusion in an effort to get an improved estimate of room 
temperature. The sensor mounting device is simply and 
securely connected to the processor board While still provid 
ing a su?icient thermal connection betWeen the protrusion 
and the thermal sensor. The ?exible circuit permits the pro 
cessor board to be assembled and disassembled from the 
enclosure Without the inconvenience or danger of damaging 
or severing the sensor leads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a temperature sensing 
device according to an exemplary embodiment. 

FIG. 2A is a perspective vieW of a temperature sensing 
device With housing partially cut aWay along line 2-2 of FIG. 
1 according to an exemplary embodiment. 

FIG. 2B is a perspective vieW of a temperature sensing 
device With housing partially cut aWay along line 2-2 of FIG. 
1 and fastener according to an exemplary embodiment. 
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FIG. 3 is a perspective vieW of a temperature sensing 
device With housing partially cut aWay according to an exem 
plary embodiment. 

FIG. 4 is a perspective vieW of the ?exible circuit for a 
temperature sensing device according to an exemplary 
embodiment. 

FIG. 5 is a perspective vieW of a processor circuit isolated 
from the housing of a temperature sensing device according 
to an exemplary embodiment. 

FIG. 6 is a perspective vieW of a processor circuit With 
module isolated from the housing of a temperature sensing 
device according to an exemplary embodiment. 

FIG. 7 is a top vieW of a module isolated from temperature 
sensing device according to an exemplary embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates a temperature sensing device 100 accord 
ing to an exemplary embodiment. Temperature sensing 
device 100 may be a thermostat, such as a Wall-mounted 
electronic thermostat con?gured for use With a climate con 
trol system to measure the air temperature of a room or space. 
In other embodiments, temperature sensing device 100 may 
be adapted for use With other systems or locations. Tempera 
ture sensing device 100 includes a housing 102, temperature 
sensors 104 and 106, mounting device 136, and a processor 
circuit 108 (as shoWn in FIGS. 1-7). Temperature sensing 
device 100 may be generally used to sense a ?rst temperature 
and a second temperature and to estimate a third temperature 
using the ?rst temperature and the second temperature. More 
speci?cally, temperature sensing device 100 may be used to 
compensate for external temperature effects resulting from 
the location of temperature sensing device 100 by measuring 
a ?rst temperature and a second temperature, and estimating 
the third temperature based on the ?rst temperature and the 
second temperature. 

Housing 102, as illustrated in FIG. 1, is con?gured to 
provide a structure Within Which temperature sensors 104 and 
106, and optionally processor circuit 108, may be mounted 
and enclosed, as shoWn in FIGS. 2A-B. In the illustrated 
exemplary embodiment, processor circuit 108 is shoWn as 
being enclosed Within housing 102. In another embodiment, 
processor circuit 108 is located Within another device or 
controller remotely located and/or external to housing 102. 
Housing 102 is made of a rigid material such as a hard plastic, 
metal or other material suitable to protect the internal com 
ponents of housing 102. In one embodiment, portions of 
housing 102 may be made of a thermally conductive material 
such that at least one of the temperatures sensed by tempera 
ture sensors 104 and 106 may be sensed by conduction 
through housing 102. In another embodiment, the housing 
102 is made of a material having loW density so that in a 
similar manner to the highly conductive material at least one 
of the temperatures sensed by temperature sensors 104 and 
106 may be rapidly sensed by conduction through housing 
102. In yet another embodiment, housing 102 may include 
one or more openings or vents to facilitate the How of air 
through the housing once the temperature sensing device has 
been mounted such that at least one of the temperatures 
sensed by temperature sensors 104 and 106 may be sensed by 
convection through housing 102. 

Housing 102 is further con?gured to be mounted to a 
structure 110, as shoWn in FIG. 1. In the illustrated exemplary 
embodiment, housing 102 is con?gured to be mounted to the 
surface of structure 110, such as a building Wall, ceiling, 
column, ?oor or other structure utiliZing any suitable mount 
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4 
ing hardWare or other means of attachment. Housing 102 
includes ori?ces in surface 114 to accommodate a variety of 
suitable mounting hardWare. Structure 1 10 to Which tempera 
ture sensing device 100 is mounted may be, for example, an 
exterior Wall or other structure for Which the temperature of 
the surface is different from, for example, the air temperature 
in the middle of the room or other area Which includes or is 
exposed to the structure and in Which temperature sensing 
device 100 is mounted. 

Housing 102 may be any suitable siZe or shape depending 
on the particular application. HoWever, in the illustrated 
exemplary embodiment surface 112 and surface 114 of hous 
ing 102 are spaced proximate to each other so as to provide a 
“loW pro?le” appearance of housing 102. For example, in the 
illustrated embodiment, housing 102 is an essentially rectan 
gular holloW protrusion With a loW pro?le such that housing 
102 does not signi?cantly extend beyond the surface of struc 
ture 110 (e.g., a Wall) to Which it is mounted. In this embodi 
ment, housing 102 is shaped such that it has surface 112 and 
surface 114 spaced apart from structure 110. In the illustrated 
embodiment shoWn in FIG. 2B, housing 102 is formed from 
a mounting base 118 and a mating cover 120 such that mount 
ing base 118 includes structure 110 and mating cover 120 
includes surface 112. In other embodiments, housing 102 
may be formed from additional pieces, or may be a single 
piece. 

Surface 114 is con?gured to be adjacent to a surface of a 
structure 110, such as a Wall, to Which housing 102 is 
mounted. Surface 114 is con?gured to be spaced slightly 
apart from the surface of structure 110 and exposed to a 
temperature at a distance from the surface of structure 110, 
such as the temperature of the air at a distance from the 
surface of a Wall to Which temperature sensing device 100 is 
mounted. Alternatively, surface 114 may abut the structure of 
surface 110. Preferably, surface 112 is spaced apart from 
surface 114 such that the distance betWeen surface 114 and 
surface 112 is maximiZed While maintaining an overall loW 
pro?le for temperature sensing device 100. For example, the 
embodiment shoWn in FIG. 1 includes a protrusion 122 
(shoWn as a contoured dome) extending from mating cover 
120 Which is con?gured to maximiZe the spacing betWeen 
surface 114 and surface 112 While maintaining an overall loW 
pro?le of temperature sensing device 100. Protrusion 122 
includes a annular shoulder 126 as shoWn in FIGS. 2A and 
2B. Additional support may be added to protrusion 122 by a 
series of struts (not shoWn) extending betWeen surface 112 of 
housing 102 and the contoured dome of protrusion 122. Pro 
trusion 122 is composed of a thin polymer so to decrease the 
response time of any temperature sensor abutting protrusion. 
In one embodiment protrusion 122 is stationary With respect 
to housing 102 and an adjustable ring 124 (or dial as shoWn in 
FIGS. 1-2B) is coupled to protrusion 122. Ring 124 is annular 
and con?gured to rotate With respect to housing 102 When 
slidably coupled to annular shoulder 126 of protrusion 122. In 
other embodiments, protrusion 122 may be eliminated, such 
that mating cover 120 is substantially planar. 
The inner diameter of ring 124 includes a series of gear 

teeth 128, as shoWn in FIG. 2A Which are compatible With an 
adjustment gear 130. Adjustment gear 130 is coupled to a 
position sensor 132 such as potentiometer Which is intercon 
nected to the processor circuit. Rotation of position sensor 
132 adjusts the temperature set point of temperature sensing 
device 100. In another embodiment, rotation of position sen 
sor 132, via adjustable ring 124, adjusts the image displayed 
on a display screen 134. In the illustrated exemplary embodi 
ment display screen 134 is an LCD display, hoWever, it may 
be any other suitable display screen. Preferably, ring 124 and 
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adjustment gear 130 are composed of a hard plastic or metal; 
however, the conductivity and/or density of the material in 
Which the tWo are composed does not signi?cantly impact the 
performance of temperature sensor 104. Therefore, ring 124 
and adjustment gear 130 may be composed of a variety of 
materials Without in?uencing the performance of temperature 
sensor 104. Additionally, position sensor 132 need not be a 
rotational position sensor; in another exemplary embodiment, 
position sensor 132 is responsive to longitudinal or transverse 
adjustments. 

Temperature sensors 104 and 106 may be mounted Within 
housing 102, as shoWn in FIGS. 2A-B, and may be any 
suitable temperature sensor. For example, in one embodi 
ment, temperature sensors 104 and 106 may be resistance 
thermal detectors (RTDs). In another embodiment, tempera 
ture sensors 104 and 106 may be thermistors. In one embodi 
ment temperature sensors 104 and 106 may be electrical or 
electronic devices that provide an analog output signal. In 
another embodiment, temperature sensors 104 and 106 may 
be electrical or electronic devices that provide a digital output 
signal. In the illustrated exemplary embodiment, temperature 
sensors 104 and 106 are con?gured to sense temperatures at 
different locations With respect to the surfaces 112, 114, 118 
and 120 of housing 102. For example, in the illustrated 
embodiment as shoWn in FIG. 2A-B, temperature sensor 104 
is mounted proximate to surface 112 and temperature sensor 
106 is spaced apart from temperature sensor 104 and mounted 
proximate to surface 114. Each sensor (104 and 106) is 
mounted relative to housing 102 or mounting structure 110. 
Temperature sensor 104 is mounted to housing 102 at a ?rst 
distance relative to housing 102 and the temperature sensor 
106 is mounted to housing 102 at a second distance relative to 
the housing 1 02. Preferably, the spacing betWeen temperature 
sensors 104 and 106 is the maximum possible spacing that 
housing 102 Will permit. 

Temperature sensor 104 may be con?gured to sense the 
temperature at or near the surface of structure 110 to Which 
housing 102 is mounted, as surface 114 of housing 102 is 
typically adjacent structure 110. Temperature sensor 106 may 
be con?gured to sense the temperature of the air in Which 
mating cover 120 and surface 112 are exposed. In another 
embodiment, temperature sensor 106 may be coupled 
directly to the mating cover 120 in order to position tempera 
ture sensor 106 as close as possible to the air in Which mating 
cover 120 and surface 112 are exposed (i.e., as far as possible 
from structure 110 to Which housing 102 is mounted. In 
another exemplary embodiment, temperature sensor 106 is 
con?gured to abut protrusion 122 in surface 112 of housing 
102 and the temperature of protrusion 122 is sensed by tem 
perature sensor 106 through conduction. In this embodiment, 
sensor 106 may be placed on the inner surface or outer surface 
of protrusion 122. In another embodiment, the temperatures 
sensed by temperature sensors 104 and 106 are sensed pri 
marily by convection. In this embodiment, housing 102 may 
also include openings or vents to permit the ?oW of air 
through housing 102 and temperature sensor 106 may be 
mounted Within protrusion 122 Without abutting protrusion 
122 of housing 102 such that it is spaced apart from tempera 
ture sensor 104 While being exposed to the ?oW of air, there 
fore the temperature of the air ?oWing through housing 102 is 
sensed by sensor 104. 

While the illustrated embodiment shoWs both sensors 104 
and 106 mounted Within housing 102, other mounting loca 
tions are possible. For example, in one embodiment, tempera 
ture sensor 106 may be mounted outside housing 102. In 
another embodiment, temperature sensing device 106 may be 
mounted on an extension to housing 102 to increase the 
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6 
distance betWeen temperature sensor 104 and 106. In yet 
another embodiment, temperature sensors 104 and 106 may 
be mounted in separate housings, so long as they are both in 
communication With processor circuit 108. 

Processor circuit 108, as shoWn in FIGS. 2A-3 and 5-6, is 
coupled to temperature sensors 104 and 106 and may be any 
suitable processor circuit. Processor circuit 108 is con?gured 
to receive a temperature measurement from temperature sen 
sor 104 and a temperature measurement from temperature 
sensor 106. In the illustrated embodiment, processor circuit 
108 is shoWn as being coupled to (or interconnected With) 
temperature sensors 104 and 106 and mounted Within hous 
ing 102. In another embodiment, processor circuit 108 is 
coupled to temperature sensors 104 and 106, but is located 
external to housing 102. Processor circuit 108 is also con?g 
ured to use the temperature measurements from temperature 
sensors 104 and 106 to estimate a third temperature. For 
example, in one embodiment processor circuit 108 may be 
con?gured to estimate the temperature of an air mass in a 
room or other area in Which temperature sensing device 1 00 is 
mounted using temperature measurements from temperature 
sensors 104 and 106. Because temperature sensing device 
100 may be located on the boundary surface of the room air 
mass, neither temperature sensor 104 nor temperature sensor 
106 may be suf?ciently exposed to the actual temperature of 
the air mass. Additionally, temperature sensing device 100 
may further be mounted to the surface of a structure 110, such 
as an exterior Wall, such that it is exposed to various external 
or other temperature effects. Accordingly, in this embodiment 
processor circuit 108 may be con?gured to estimate the third 
temperature from the temperature measurements from tem 
perature sensors 104 and 106 by compensating for the various 
external temperature effects due to the mounting location of 
temperature sensing device 100. The third temperature may 
be estimated from the temperature measurements from tem 
perature sensors 104 and 106 in a number of Ways. For 
example, in one embodiment, the third temperature is esti 
mated using a predetermined extrapolation function Which 
de?nes an approximate mathematical relationship betWeen 
the temperature measurements from temperature sensors 104 
and 106 and the third temperature to be estimated. In other 
embodiments, methods other than mathematical extrapola 
tion may be used. The details of the processor circuit 108 
con?gured to estimate the third temperature based on the ?rst 
and second temperatures is described in detail in commonly 
assigned U.S. patent application Ser. No. l0/80l,3l3. 

In one exemplary embodiment (as shoWn in FIG. 3) mount 
ing device 136 is secured to housing 102. In this embodiment 
fastener 138 is con?gured to couple any one of temperature 
sensors 104, 106 to protrusion 122 of housing 102. Intercon 
necting members 142 are attached to surface 112 of housing 
1 02 and extend to processor circuit 1 08. In another exemplary 
embodiment, processor circuit 108 includes a position sensor 
132 Which is attached to an adjustment gear 130 and mount 
ing device 136 is con?gured to avoid interference With adjust 
ment gear 130 and the components of position sensor 132. In 
another exemplary embodiment as shoWn in FIG. 4, mount 
ing device 136 is a ?exible circuit 140 Which may be coupled 
directly or indirectly onto processor circuit 108. Flexible 
circuit 140 includes interconnecting members 142 extending 
betWeen temperature sensor 1 04 and an end of ?exible circuit. 
When ?exible circuit 140 is detached from processor circuit 
108 (or in “free state”) it extends ?at. When coupled to pro 
cessor circuit 108, ?exible circuit 140 acts as a leaf spring 
thereby biasing temperature sensor 104 With respect to pro 
cessor circuit 108. Flexible circuit 140 is con?gured to pro 
trude outWard from processor circuit 108 as much as possible 
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Without exceeding the space provided by protrusion 122 or 
surface 112 of housing 102. In such case, When enclosed by 
housing 102, temperature sensor 104 may abut protrusion 122 
or surface 112 of housing. In this embodiment sensor 104 is 
con?gured to measure the temperature of protrusion 122 or 
surface 112 of housing 102 through conduction. Since ?ex 
ible circuit 140 is slightly deformable With respect to proces 
sor circuit 108 the assembly tolerances for temperature sens 
ing device 100 may be more lenient than an arrangement 
having a non-deformable mounting device 136, thereby 
potentially reducing the manufacturing costs for the 
assembled temperature sensing device 100. Flexible circuit 
140 may be composed of thin, ?exible, nonconductive plastic 
substrate such as polyimide, epoxy laminate etc. While the 
illustrated embodiments shoW temperature sensor 104 
attached to mounting device 136 any sensor disclosed herein 
may be alternatively coupled to mounting device. 

In another embodiment, ?exible circuit 140 has an semi 
annular shape or con?guration When coupled to processor 
circuit 108, as shoWn in FIGS. 3-5. The semi-annular shape 
enables interconnecting members 142 to avoid interference 
With adjustment gear 130 of position sensor 132. Flexible 
circuit 140 is suf?ciently long so as to avoid interference With 
adjustment gear 130 When temperature sensor 104 abuts 
either protrusion 122 or surface 112 of housing 102. 

Flexible circuit 140 includes end 144 and end 146. End 144 
of ?exible circuit 140 is notched (as shoWn in FIG. 4) so that 
end 144 may couple to a complementary slot in processor 
circuit 108. Notch pattern 148 is con?gured to create barbed 
members 150 extendable through slot 152 in primary circuit 
board 108 for mechanical support and retention. End 146 of 
?exible circuit 140 includes tWo shoulder portions 153,154 
(or tab inserts). Shoulder portion 153 ?ts into processor cir 
cuit 108 and shoulder portion 154 ?ts into niche 162 in mod 
ule 160, as shoWn in FIG. 5 Niche 162 includes a series of 
small ori?ces having variable siZes; the intersection of the 
inner surfaces of the ori?ces creates a jagged pro?le for the 
interior surface of niche 162 Which is con?gured in a manner 
to ?t end 146 of ?exible circuit 140 Within the series of 
ori?ces. Moreover, since niche 162 is formed from a series of 
ori?ces, as opposed to cutting operations typically used to 
produce a narroW straight-edged interior surface, the manu 
facturing costs can be signi?cantly reduced. Shoulder portion 
154 includes interconnecting members 142 con?gured to 
extend to through end 144 and terminate in primary circuit 
board 108 When mounting device 136 is connected thereto. 

Interconnecting members 142 may be composed of any 
conductive material suitable for use in conventional proces 
sors. Interconnecting members 142 are con?gured for solder 
ing of sensors and termination to processor circuit 108. 
According to an exemplary embodiment, interconnecting 
members 142 are copper traces. The response time of tem 
perature sensor 104 is inversely related to the mass of ?exible 
circuit 140. To decrease the response time, one embodiment 
includes interconnecting members 142 of a suitably reduced 
diameter. 

In addition to sensor 104 mounting device 136 may include 
a plurality of sensors (104, 156, 157 and/or 158) as shoWn in 
FIG. 4. In one embodiment, mounting device 136 includes a 
third sensor 156 and/or 157. Third sensor 156 and/or 157 is 
con?gured to assess an additional temperature reading and 
enables temperature sensing device 100 to be simultaneously 
compatible With an additional processor circuit. For example, 
if temperature sensor 104 is con?gured to be compatible With 
processor circuit 108 third sensor 156 and/or 157 may be 
con?gured to be compatible With an external processor circuit 
(not shoWn). Any sensor Which provides the desired level of 
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8 
resistance may be utiliZed With temperature sensing device 
100, including a PTlOOO resistive output or a thermistor resis 
tive output. A fourth sensor 158 may also be coupled to 
mounting device 136. In one embodiment, fourth sensor 158 
is a humidity sensor con?gured to assess the humidity of the 
air circulating through housing 102 of temperature sensing 
device 100. Fourth sensor 158 may alternatively be mounted 
directly to processor circuit 108 or to a module coupled 
thereto. 

In another embodiment, processor circuit 108 includes a 
module 160, as shoWn in FIG. 6. Module 160 may include 
sensor 158 for sensing the humidity, temperature, etc. In the 
illustrated embodiment module 160 includes a RH module 
With interconnecting members 166 and 168 extending from 
module 160 to processor circuit 108. Mounting device 136 
may be indirectly coupled to processor circuit 108 through 
module 160 or directly coupled to processor circuit 108. In 
one embodiment, mounting device 136 is a ?exible circuit 
140 con?gured to couple to module 160. Flexible circuit 140 
may include interconnecting members 142 extending 
betWeen a plurality of sensors (158 and any others) mounted 
thereto and module 160 or processor circuit 108. Module 160 
attaches to processor circuit 108 through soldering connec 
tors 166 and strut 168. Flexible circuit 140 may connect to 
module 160 at end 146 by insertion into niche 162 so that 
shoulder 154 abuts module 160; additionally, end 144 is con 
nectable by insertion of barbed members 150 into slots 164. 

It should be understood that the construction and arrange 
ment of the elements of the temperature sensing device in the 
exemplary embodiments are illustrative only. Although only a 
feW embodiments of the present invention have been 
described in detail in this disclosure, many modi?cations are 
possible Without materially departing from the novel teach 
ings and advantages of the subject matter recited in the 
claims. For example, the temperature sensing device may be 
adapted for use in other systems or locations, may incorporate 
additional temperature sensors or other inputs, or may include 
other variables or factors in the extrapolation function. 
Accordingly, all such modi?cations are intended to be 
included Within the scope of the present invention as de?ned 
in the appended claims. Unless speci?cally otherWise noted, 
the claims reciting a single particular element also encompass 
a plurality of such particular elements. Moreover, claims 
reciting that one element is coupled to another should be 
interpreted to mean that the elements are selectively coupled 
to each other and may be uncoupled or disconnected at any 
point. The order or sequence of any process or method steps 
may be varied or resequenced according to alternative 
embodiments. In the claims, any means-plus-function clause 
is intended to cover the structures described herein as per 
forming the recited function and not only structural equiva 
lents but also equivalent structures. Other substitutions, 
modi?cations, changes and/ or omissions may be made in the 
design, operating conditions and arrangement of the pre 
ferred and other exemplary embodiments Without departing 
from the spirit of the present invention as expressed in the 
appended claims. 

What is claimed is: 
1 . A temperature sensing device for mounting to a structure 

of a building and for sensing temperature Within a building 
space of the building, comprising: 

a housing comprising: 
a front surface that faces the building space When the 

temperature sensing device is mounted to the struc 
ture; 



US 7,785,004 B2 

a protrusion that protrudes from the front surface into the 
building space and comprising an exterior side facing 
the building space and an interior side facing the 
structure; 

a ?exible mounting device Within the housing; and 
a temperature sensor mounted to the ?exible mounting 

device, Wherein the ?exible mounting device holds the 
temperature sensor Within the protrusion and biases the 
temperature sensor toWard the building space so that it 
touches the interior side of the protrusion, Wherein the 
?exible mounting device comprises a plastic substrate 
and members of conductive material connecting the 
temperature sensor to electronics of the temperature 
sensing device. 

2. The temperature sensing device of claim 1, Wherein the 
temperature sensor is con?gured to measure the temperature 
of the exterior side of the protrusion through conduction. 

3. The temperature sensing device of claim 1, Wherein the 
?exible mounting device comprises a ?rst end and a second 
end and Wherein the ?rst end and the second end are coupled 
to a mechanical support located Within the housing. 

4. The temperature sensing device of claim 3, Wherein the 
?exible mounting device has a semi-annular shape When 
attached to the mechanical support via the ?rst and the second 
ends. 

5. The temperature sensing device of claim 4, Wherein the 
mechanical support is a printed circuit board (PCB). 

6. The temperature sensing device of claim 4, Wherein the 
protrusion is a dome formed of thin plastic material. 

7. The temperature sensing device of claim 1, further com 
prising: 

a ring coupled to the protrusion and con?gured to rotate 
With respect to the housing. 

8. The temperature sensing device of claim 7, Wherein the 
?exible mounting device is con?gured to alloW the protrusion 
to rotate While maintaining contact betWeen the protrusion 
and the sensor. 

9. A temperature sensing device for mounting to a structure 
of a building and for sensing temperature Within a building 
space of the building, comprising: 

a housing comprising: 
a front surface that faces the building space When the 

temperature sensing device is mounted to the struc 
ture; 

a protrusion that protrudes from the front surface into the 
building space and comprising an exterior side facing 
the building space and an interior side facing the 
structure; 

a ?exible mounting device Within the housing; and 
a temperature sensor mounted to the ?exible mounting 

device, Wherein the ?exible mounting device is con?g 
ured to hold the temperature sensor Within the protrusion 
and to bias the temperature sensor toWard the building 
space so that it touches the interior side of the protrusion; 

Wherein the ?exible mounting device is a plastic substrate; 
and 

Wherein the ?exible mounting device comprises conduc 
tive traces for electrically coupling the temperature sen 
sor to a printed circuit board. 

10. The temperature sensing device of claim 9, Wherein the 
?exible mounting device comprises a ?rst end and a second 
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end and Wherein the ?rst end and the second end are coupled 
to a mechanical support located Within the housing. 

11. The temperature sensing device of claim 10, Wherein 
the ?exible mounting device has a semi-annular shape When 
attached to the mechanical support via the ?rst and the second 
ends. 

12. The temperature sensing device of claim 11, Wherein 
the mechanical support is the printed circuit board. 

13. The temperature sensing device of claim 9, further 
comprising: 

a ring coupled to the protrusion and con?gured to rotate 
With respect to the housing, Wherein rotation of the ring 
is con?gured to adjust a set point associated With the 
temperature sensing device. 

14. The temperature sensing device of claim 13, Wherein 
the ?exible mounting device is con?gured to alloW the pro 
trusion to rotate While maintaining contact betWeen the pro 
trusion and the sensor. 

15. A temperature sensing device for mounting to a struc 
ture of a building and for sensing temperature Within a build 
ing space of the building, comprising: 

a housing comprising: 
a front surface that faces the building space When the 

temperature sensing device is mounted to the struc 
ture; 

a protrusion that protrudes from the front surface into the 
building space and comprising an exterior side facing 
the building space and an interior side facing the 
structure; 

a ?exible mounting device Within the housing; and 
a temperature sensor mounted to the ?exible mounting 

device, Wherein the ?exible mounting device is con?g 
ured to hold the temperature sensor Within the protrusion 
and to bias the temperature sensor toWard the building 
space so that it touches the interior side of the protrusion; 

Wherein the ?exible mounting device comprises a ?rst end 
and a second end and Wherein the ?rst end and the 
second end are coupled to a mechanical support located 
Within the housing; 

Wherein the ?exible mounting device has a semi-annular 
shape When attached to the mechanical support via the 
?rst and the second ends; and 

Wherein the mechanical support is a printed circuit board 
(PCB). 

16. The temperature sensing device of claim 15, Wherein 
the protrusion forms a dome. 

17. The temperature sensing device of claim 15, Wherein 
the protrusion is a contoured dome. 

18. The temperature sensing device of claim 15, Wherein 
the protrusion is formed from a thin plastic material. 

19. The temperature sensing device of claim 15, further 
comprising: 

a ring coupled to the protrusion and con?gured to rotate 
With respect to the housing, Wherein rotation of the ring 
is con?gured to adjust a set point associated With the 
temperature sensing device. 

20. The temperature sensing device of claim 19, Wherein 
the ?exible mounting device is con?gured to alloW the pro 
trusion to rotate While maintaining contact betWeen the pro 
trusion and the sensor. 

* * * * * 


